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Method and device for assessing the stability 
of an electric power transmission network 
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DESCRIPTION 



0i Field of the Invention 

"•it 

o 



"1,5 The invention relates to large-scale electric power transmission networks, 
W and , more particularly, to a method and a device for assessing the stability 
" of an electric power transmission network according to the preamble of 



claims 1 and 7. 



Background of the Invention 



30 



Electric power transmission and distribution systems or networks comprise 
high-voltage tie lines for connecting geographically separated regions, and 
substations for transforming voltages and for switching connections between 
lines Power generation and load flow in a network with several substations 
is controlled by a central energy management system. Measurements of 
average RMS (root mean square) values of voltages, currents, active power 
and reactive power flowing in the network are made at various places ,n the 
network. The measurements from throughout the network are collected at 



00/042 



2 - 



A method for assessing network stabliity, based on voltage margins is 
i" h • ,he oaoer "Use of local measurements to Estimate Voltage 
d " C : u' n o n V « . Power Industry Computer Applications (PICA, 
S Z I ^ 9 V IEEE and in "Voltage instability predictor (VIP, and Its 
V , ti n's- K V et al., Power Systems Computation Conference (PSCQ 
; PP ' C Both rt cies are herewith Incorporated by reference. These 

, desert a "Voitage Instability Predictor" (V,P) which measures 

. nr . ant r>f the VIP s shown in Figure i . une h q 
The concept or tne vir power 
system is treated as a power source, another p *rt a a *ad. P 
source is represented by its Thevenin eou.va.en, 2, with 
Impedance W The ,oad is represented by an apparent load impedance 
z Both the Thevenin impedance and the apparent load impedance 
r are estimated from the current and voltage measurements by a VIP 
dele 22 The relation of these impedances indicates how Cose the power 
device ^. i" protection an control , K. 

ILtirig r, fi ndi„ P gs such as a proximity to collapse to an energy 
management system. 

, us 5 734 586 discloses a system for optimising a steady state in an 
5 LI,^: Power distribution network having a £ 

determines switching commands for recont, 9 
commands for capacitors and vo.tage reguiators for 

30 compensation. 
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In all the cited documents, reaction times at a system level are limited by the 
relatively slow system management functions. 



Description of the Invention 

It is therefore an object of the invention to create a method and a device for 
assessing the stability of an electric power transmission network that offers 
an improved, dynamic view of the state of the network. A further object of 
the invention is to enable a fast reaction at a network level to sudden 
changes in load conditions. 

These objecs are achieved by a method and a device for assessing the 
stability of an electric power transmission network according to the claims 1 

and 7. 

The inventive method assesses the stability of an electric power transmission 
network, where said network comprises a plurality of substations, buses and 
lines, and a system protection center. It comprises the steps of 
1 . measuring phasor data for voltages and currents at a plurality of locations 
of the network, 

2 transmitting said phasor data to said system protection center, 

3. transmitting information regarding the state of switches of at least one 
substation to the system protection center, and 

4. the system protection center determining at least one stability margin 
value of the transmission network. 

In this way, detailed real-time information about the state of the network is 
collected at a system level of the network, which allows a corresponding 
global analysis of the information. 
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In a preferred embodiment of the invention, the system protection center 
determines one or more contro. commands, based on the phasor data and 
on the state of switches. The control commands are transmitted to at least 
one substation and executed there. 

The system protection center and method in accordance with the invention 
provide protection of the power network at the system level, in contrast to 
existing protection schemes that operate local.v and only protect indrvtdual 
transmission lines or substation components such as transformers or 

generators. 

In another preferred embodiment of the invention, the system protection 
center determines information about a state of the network, e.g. power flow 
and potential or estimated future limits or bottlenecks, i.e. overload 
conditions to be expected at a given line or substation. This informafon ,s 
transmitted to the energy management system which then contro.s power 
generation and power flow within the network according to the network state 
information. Since this manner of control uses a prediction of the network s 
behaviour, overloading of network components is anticipated and avo,ded 
before components of the network exceed their operating limits and have to 
be shut down, potentially aggravating the condition of the network even 
further. 

; Since the inventive method and device utilise phasor data, they rely on real- 
time information on currents, voltages and power, with a high temporal 
resolution. This is in contrast to scalar information such as RMS values, 
which corresponds to an average computed over at least one period and ,s 
non-real-time information. Such non-real-time information, as it is used ,n 

„ existing energy management systems, has update intervals around 30 
seconds. As a result, a reaction time of the inventive method to detect 
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potential network instability, to determine countermeasures and to issue 
corresponding control commands is less than 100 milliseconds and typically 
less than 50 milliseconds. Such a fast reaction time further reduces the 
danger of disruptive events caused by an overloaded or unstable network. 

Jn a further preferred embodiment of the invention, the phasor data is 
associated with timing information obtained from a common time 
distribution system. 

Further preferred embodiments are evident from the dependent patent 
claims. 

Brief Description of the Drawings 

The subject matter of the invention will be explained in more detail in the 
following text with reference to preferred exemplary embodiments which are 
illustrated in the attached drawings, in which: 

Figure 1 shows schematically a conceptual structure for assessing 
network stability, according to the state of the art; 

Figure 2 shows schematically a structure of devices and information flow 
for carrying out the invention; and 

Figure 3 is a diagram showing currents and voltages at a selected point in 
an electric power network. 

The reference symbols used in the drawings, and their meanings, are listed 
in summary form in the list of reference symbols. In principle, identical parts 
are provided with the same reference symbols in the figures. 
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Detailed Description of Preferred Embodiments 



Figure 2 shows a structure of a control system for a power transmission 
network which includes a device for carrying out the invention. The control 
system is structured hierarchically into a bay level 12, a station level 13 and 
a network level 14. The bay level 12 comprises bay devices 1, including for 
example fault recording, bay protection, bay control, load tap change, load 
shedding and monitoring devices. The station level 13 comprises a 
substation automation system 2 which in turn comprises a substation 
protection system 3 and a substation control system 4. The substation 
automation system 2 communicates with the bay devices 1 by dedicated 
signal lines and/or a local area network. The substation automation system 2 
collects data from the bay devices 1 and issues switching and other control 
commands to the bay devices 1. Other control commands comprise 
transformer tap settings or the control of reactive compensation devices 
such as capacitor banks or FACTS devices. Under normal conditions, the 
substation automation system 2 operates without any human operators 
being present at the substation. 

At the network level 14, an energy management system 7 collects substation 
data 5 from a plurality of substation automation systems 2. The collected 
data provides an overview of the state of the network. Based on this 
overview, the energy management system 7 controls power generation and 
load flow in the network by issuing control commands 6 to the plurality of 
substation automation systems 2 and/or to power plants. Usually, this 
energy management process involves human decision-making and 
intervention. For large networks with e.g. more than 10-15 substations and 
depending on a geographic distribution of the network, the network level 
comprises a hierarchy of energy management systems 7, with one central 
energy management system 7 co-ordinating a number of dependent energy 
management systems 7. 
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in order to carry out the inventive method, the system comprises, at the 
network level 14, an inventive device, that is, a system protection center 8. 
The system protection center 8 receives phasor data 9 from phasor 
measurement units 10 residing, for example, at feeders at the bay level 12 
of a plurality of substations and/or residing at branching points along 
transmission lines. The system protection center 8 receives substation data 5 
from the substation automation systems 2 and transmits control commands 
6 to the substation automation systems 2. 

In the case when there is a hierarchy of energy management systems 7, 
there preferably is a plurality of system protection centers 8, where each 
system protection center 8 is associated with one of the dependent energy 
management systems 7. 

The phasor data 9 represents a phasor and may be a polar number, the 
absolute value of which corresponds to either the real magnitude or the RMS 
value of a quantity, and the phase argument to the phase angle at zero t,me 
Alternatively, the phasor may be a complex number having real and 
imaginary parts or the phasor may use rectangular or exponential notat,on. 
Phasors may be used to represent quantities such as the voltage, current, 
power or energy associated with a phase conductor or an electronic arcuit. 
By contrast, conventional sensing devices used in power networks generally 
measure only scalar, average representations, such as the RMS value of a 
voltage, current etc. 

,n the inventive method, the phasor data 9 is collected from phasor 
measurement units 10 that are distributed over a large geograph.c area, ..e. 
over tens to hundreds of kilometres. Since the phasor data 9 from these 
disparate sources are analysed in conjunction, they must refer to a common 
) phase reference. In other words, the different phasor measurement un.ts 1 0 
must have local clocks that are synchronised to within a given prec.s.on. 
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Such a synchronisation of the phasor measurement units ,0 is preferably 
a hieved with a known time distribution system, for example the gioba, 

0 ion,„ g (CPS, system, in a typical imputation, the phasor data 9 , 
etermined at least every 200 or every 100 or pre era ,y ever. 40 

milliseconds, with a temporal resolution of preferably less than 1 
I econd. Each measurement is associated with a time stamp derived from 
th e synchronised local Cock. The phasor data 9 therefore compnses t,me 
stamp data. 

The inventive method assesses the stability of the electric power 
transmission network by determining a stability margin value pertinent o 
specific entities and/or a combination of entities within the network. I the 
W system as described in the background of the invention, a measure of 

1 b y is expressed in terms of impedances or, as a voltage margm, ,n 
m of voltages. In a preferred embodiment of the invention, a power 

ma?g n s used as a stabiiity margin. A power margin is a more ,ntu,t,ve 
^eLation than a voltage or impedance margin. A .oca, power margm 
r p sents for example the amount of power that may be transm.tted 
Zgh a given transmission line of the network. A global power marg.n 
, coToL phasor data 9 collected from a plurality of phasor measurement 

units 10. 

F1 gure 3 shows a plot of voltage and current a, a given point in a power 
lork, where a VIP device is iocated. This may be at a feeder of a 
5 or a load. When the load gets stronger, the current mcreases and the voltage 
drops The actual vo,tage versus current curve (V/l curve) is represented by 
P 'rawn out „ne 2, The actua, behaviour is influenced by the ent.re 
network, but is estimated from ,ocal measurements by the VIP dev,c. T 
ViP computes provides an estimate of this curve, shown by th ^ 
50 24 ,n particular, the slope of the curve corresponds to the Thevenm 
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impedance computed by the V,P device. Given this estimated curve, the 
, m pedance ^ trans mitted through said feeder under 

maximum power, ,n MVA, that may be ^ 

of current an vo = ' between' the maximum power and the 
be and V, respectively. Then the local power margin AS corresponding 



said feeder is 



3 



rhe oower margin computation method gives, based on onl.nc 
more power may be drawn by a siowly 
indicate a critical situation. 

, , , rt her preferred embodiment of the Invention, a global power margin 
,„ a further pref rred rf ^ measurement 

combines phasor data 9 col e t ^ ^ ^ ^ 

units 1 0. A global power margin is therefore 

g ,obal power margins for specific network arrangements. 

For a piurality of feeders connected to the ^^^^ I 
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single lumped load. The global power margin is computed in a similar 
manner as the local power margin described above, but with the current 
phasor measurements of the individual phasor measurement units 10 being 
added to provide a sum of currents on which further computations are 
5 based. 

If a plurality of power generators and a plurality of loads are connected via 
common transmission lines, then the power margins are calculated locally 
for e.g. each line and each load. The global power margin corresponds to the 
worst case, i.e. it is equal to the smallest of the local power margins. The 
local information is used to co-ordinate the load shedding, such that only the 
minimum amount of power is shed in the most critical place. 

When several substations supply the same load, a weighted average voltage 
is assessed for the substations. The branch currents from the substations 
are added together, and the apparent load impedance is calculated and the 
network equivalent estimated. 

In order to compute a global stability margin, the topology of the network 
must be known. For this reason, the substation automation systems 2 
transmit substation data 5, in particular information about switch states of 
the substation, to the system protection center 8. 

The inventive method therefore comprises the steps of 
25 1. measuring phasor data 9 for voltages and currents at a plurality of 
locations of the network, 

2. transmitting said phasor data 9 to said system protection center 8, 

3. transmitting information regarding the state of switches 5 of at least one 
substation to the system protection center 8, and 

30 4. the system protection center 8 determining at least one stability margin 
value of the transmission network. 
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In a preferred embodiment, the inventive method further comprises the 
steps of 

1 . determining one or more control commands 6, based on the phasor data 
9 and on the state of switches 5, 

2. transmitting the control commands 6 to at least one substation, and 

3. executing the control commands 6 at the at least one substation. 

In order to generate meaningful control commands 6 for the substation 
automation systems 2, the network topology is known to the system 
protection center 8. Having the system protection center 8 issue direct 
control commands 6 to the substation automation system 2 allows short 
reaction times to observed events and network conditions, in particular to 
the danger of instability. Such short reaction times are less than 100 
milliseconds, typically less than 50 milliseconds. This compares favourably 
with the current practice of reacting to network level abnormalities through 
energy management systems 7 which are limited by update cycle times of 
approximately 30 seconds. 

Examples of such immediate intervention of the system protection center 8 
in the operation of a substation automation system 2 are the shedding of 
critical loads and the control of reactive power compensation devices. 

In a further preferred embodiment, the inventive method further comprises 
the steps of 

1. the system protection center 8 determining network state information 11, 
such as power flow and potential or estimated future limits, 

2. the system protection center 8 transmitting said network state information 
1 1 to an energy management system 7, 

3. the energy management system 7 controlling power generation and power 
flow within the network according to the network state information 1 1 - 



• 
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Examples of such indirect intervention of the system protection center 8 via 
a energy management system 7 are the control of power generation and of 
load shedding. 

In a preferred embodiment of the invention, the decision on whether certain 
network conditions automatically cause the system protection center 8 to 
issue control commands 6 to a substation automation system 2, or whether 
an operator at an energy management system 7 is alerted, depends on the 
system protection center 8 being in an automatic or manual mode. 

In another preferred embodiment of the invention, the system protection 
center 8 provides other functions that are based on a system wide collection 
of detailed network quantities. For example, the system protection center 8 
identifies loads or line sections that often are associated with failures or with 
near network instability. Such an analysis is a basis for preventive 
maintenance or an upgrade of installations. 

In a further preferred embodiment of the invention, a system protection 
center 8 or a plurality of system protection centers 8 are installed as systems 
separate from energy management systems 7. This allows to upgrade 
existing energy management systems 7 with the functionality of the 
inventive system protection center 8. For completely new installations, the 
parallel arrangement and partially independent operation of an energy 
management system 7 and a system protection center 8 increases reliability. 

The inventive device or system protection center 8 comprises a data 
concentrator unit, a system protection unit, an automated control unit, an 
asset management unit and a fault evaluation unit. 
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The data concentrator unit collects, pre-treats and stores the phasor data 9 
received from the phasor measurement units 10. It also collects associated 
substation data 5, in particular network topology information. All collected 
data is associated with a time stamp. The data concentrator unit provides the 
collected information to the other units. 

The system protection unit dynamically generates network state information 
1 1 from the data provided by the data concentrator unit. Such network state 
information 1 1 comprises local and/or global voltage and/or power marg.ns 
and a transmission capability. This network state information 1 1 can be 
monitored by an operator. 

The automated control unit, depending on whether it is in an automatic or 
manual mode, generates control commands 6 from the network state 
information 1 1 and from the data provided by the data concentrator un.t. 

The asset management unit collects monitoring data from individual 
components and provides information about the state of the component. In a 
preferred embodiment of the invention, this component state informat.on is 
taken into account by the automatic control unit. 

As a summary, the system protection center 8 comprises a data concentrator 
unit for storing phasor data 9 from a plurality of phasor measurement un.ts 
10 that are distributed over the power transmission network and for stor.ng 
substation data 5 from a plurality of substation automation systems 2. Both 
kinds of data are associated with timing information. The system protect.cn 
center 8 further comprises a system protection unit for generating at least 
one stability margin value of the transmission network and other network 
state information 1 1 . 
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In a preferred embodiment, the system protection center 8 further comprises 
an automated control unit for generating control commands 6 for a 
substation automation system 2 from the at least one stability margin value 
and other network state information 1 1 and from data provided by the data 
5 concentrator unit. 

In another preferred embodiment, the system protection center 8 comprises 
means for transmitting network state information 11 to an energy 
management system 7. 

0 
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substation automation system 


Lis 
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substation protection system SSPS 


UJ 
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substation control system SSCS 
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substation data 


BSCS 
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control commands 
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energy management system EMS 


20 


8 


system protection center SPC 
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phasor data 




10 


phasor measurement unit PMU 




1 1 


network state information 




12 


bay level 


25 


13 


station level 
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network level 
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Thevenin equivalent 
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voltage instability predictor VIP 
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actual V/l curve 
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estimated V/l curve 




25 


operating point 



